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WIND-TUNNEL TESTS OF S§INGLE— AND DUAL-R"TATING TRACTOR
PROPELLERS AT LOGW BLADE ANGLES AND OF TWN- AND THREE-
BLADE TRACTCR PRCPELLERS AT BLADE ANGLES UP TO 659

By W. H. Gray
SUMMARY

Tests were conducted in the prepeller—research tun—
nel of the Langley Mrmdorierl Aeronsutical Leboratory to
determine the charactrristics at lsw blades angles 5f pro-—
pPrllers Tor which dnte at high tlade angles egres elrrady.
avalletla, In additien to tha lcw-Llade—angle results
thrre are included deta on two— and three—-blade propellera
of the samr blrde drrign, which have n>t Leen putligherd
and which cover a range of blade angles from 202 to €59,

A chert lists the NACA reperts in which drte :=n
r~latrd trets of thr game tlade deslgn nay be found.

INTRQOUCTIOL

With the sdvent »f high altitude sirplanes, aspnrestion
of propellers rt low 11lade anglrs h“ecomes necepessry feor
the take—off condition. EResulte of trsts et hlade anglrs

"applicatle to this condition arer presentsd herein. Inae—

much as the teste were mades st low speeds, the effocts cof
comprresihility ciruld n:it tvr mrasurrd. Referaence 1, how—
ryar , presents results for propellers emtcodying serveral
eerctions et high tlp epends with lcw blade anglee and alss
presrnts & method of correcting propellar characteristics
for crmpr~ssibllity offects &t tip eperds below C.9 the
sperad of @nund,. In tha results reportréd in rafesrences 2,
3, and 4, charts are presented of date on elngler~ pnd
dual-rotating propellers »>f different number of bladrs.
These charts included results for blede angles renging
from 2092 to 65°, The data prreented herein extend the
rasults t> 1nclude bdlade angles of 102 and 15°.

Bercauca a part of the datns for twec— and three—tlede




.

prrpellars has nnt previously been putlished, all such
data are included 1n this report.

APPARATUS AND METHODS

The trsts wrore made with tha test setup used in pra—
virus dusl-rotating proprller investigatio-ns in tha
propeller—resezrch tunnel (reference 2). A photograph
and e dlmenslonnad drawlng of the test septup are shown in
figurrs 1 ~nd 2. A symmeirical wing was m~unted in the
slipetresm fnr all the tests except thesa ~f the twn-tlada
proprller et blade angles ranging from 207 to 65%., The
cver—gll length ~f the splnner was 5 1nches greater fon
the 10" and 157 tlade—angle tests than for the tests at
higher tladm an~les. (See fig. 2.)

The pr-peller blades were »f Hamilt~n—Standerd design
designaterd 3155—6 (riesht hand) and 3156—6_ (1lrft hand).
The plan—form ancd the blade—form curves 2ra given in filg-—
ure 3.

For the six— and elght—-blade single— and Aunal-ratat—
ing prapellers an¢ f2r the four-tlede dual-rctating pro-—
prllers, the bledas were mounted in separate huls spaced
15 inches, Frr the two—~, threr—, and four-blade eingle—
rotating propellers, h-~wever, the blades were mrunted in
the renr hul for the low tlade angle tests. For the
singlr~rotatisn tests, the fr~nt tlades led the reer tlades
ty 75.0" f-r ths six-tlader propeller and ty 52.5" for the
night-blade praopeller,

In erdnr to facllitate readlng values from the cherts,
the test polints have bteern nuitted fr~m most of the curves.
The egenerral accuracy »f the ferirings ie indiceted, h-wever,
by the plotted prints for the 15 curves ~f figure 4, Tha
tegt limitati~ns ~f tunnel speerd (110 mph) and prrpnller
roteti~nal speerd (550 rrm) resulted in a tip speed brlry
300 feat per sec né and no effects ~f conmpressitility would
thernfare ha exrected,

In a ferw preliminary dual-retation tests at bladr
gettiness of 102 and 157, settin-- tha fr-nt and rear blades
at the samr angle was frund to result 1n neerly equal prwer
atsorptien at pveak efflclency for each comprnent, The
front and rear blades were consegquently set at the sane
tlade angle frr the entire geriers of l~w tlede—-angle tests,



RESULTS

" The ;;;éits are presented in the usual nondiiiedsicnal
o form ~f thrust coefficlent, powar coeffilclent, and propul-—
o4 siva efficiancy,
L

_ eaffactlve thrust

CT— 24
pn D
P
Cp = 3%
pn D
ch
'n= ——
E; nD
. P p-war a&bs-rted by propeller, foot—pounds per s~c~nd
v sirspeed, faet prr saccnd
n pr~oprller rotatinnal spead, revolutlione par seccnd
D proprller diasmerter, foet
p 1nase Arnality ~f the emlr, slugs per cublec feont
SF fr-nt tlade ansle at J.75R, frsgTnres
P rear blade enele At C.7DR, degrnes
GP pwer—coefflcirArnt for frant propeller

. GPR powerr—corfflclant for rear propaller

The effective thruet 1s the megzsured thrust af the
prepeller-bndy cn~nblnatlon plus the dreg ~f the tody meas—
ured with~sut a propeller,

The figures giving the propeller charecteristlics era
listad in the following table:




Number|Blade angle
- Figure of at 0.75R Rotation Test conditicen
tlades (deg)
4 2 10 to 15 Single [Rear hub, with wing
5 3 10 t~ 15 —_de— DA,
6 4 10 t2 20 —dc— D-~.
7 and 8 4 10 t» 20 Dual Aith wing
9 6 10 t2 20 Single Do,
1% and 11 6 10 t~ 20 Duel D-.
12 8 10 t~ 20 Singl~ Dn,
13 andl 14 8 10 t¢ 20 Duel Dn,
15 to 17 2 20 t: €5 Single |Front hub, witheout
wing
18 to 20 2 20 to 69 —@c—|Regr hut, without
wing
21 tc¢ 23 3 2C to €5 —&n—|Fr-~nt hub, with wing

¥~ etterent has te~n made to nresent comperiecne be—
tween dusnl and single rotaticen at thr low blade ancsles
since n» apureciahle gain in thrust fr-m ducl rotntion
wnrld e oxnected. Curves af nropellar char=ctrristics
at tlader eneles ~f 297 (fran references 2 and 4) have Toen
included with the 1C™ and 157 curves whenever the data
wrre aveilnble In rrder to glve a clearer picture ~f the
relgtisn ~f the 10” and 157 tlade—ancle data to the deta
far the hicher tlade angles,

It sh-uld t» n~ted that the prwer—crefficlent curve
far the six-tlrde, single—ratetineg pr-peller st 15  tlede ,
angle hgs bPe-~n ~bteined Yty crres—feiringe since the torst o
curve apnrearad t> ta In error,

Tahle I 1s furnished f~r the purpnsr nf relating the
prersent prrgram with previ-us work 1in which the sexa tady
and tha spme hrele prnpeller were used. In the tetle are
listeA the imnortant t=st condltierns.

Lon,ley Kerm:rinl Aefr:nautleenl Law.-ret-ry,
Nati~nal Lévis:cry C mauittee for A~rcnnautics,
Lengley Fierld, Va.
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TABLE I.- AVAILASLE DATA FROI PREVIOUS TZSTS OF PROPELLIRS WITH BLADE DESIGH 3155-6 AWD 3156-6

. vunper Blade ongle
hacelle of Slade isention Other toct conditions | Zotation|ranso of ll1:':]e-s’cs Blados _JRofer—
poeltion|- | 4q5 (deg) uced [once
Trezctor 3 1Zcstel ir both mbe Uitheut wHing Single 20 t0° 05 Yornmal 3
wlidth
( Y |2 2n each hub With and wltnout wing | Single 20 %0 o0 .
L= do - co Dual 20 4o 50 Normel |
Tractor 6 |3 in ecch ud - do Single | 20 to 65 width
R E— L T e — a2 Dral 20 %o 65
Tractor {"} % in ecch hub With end vithont wing | Single | 20 to 05 Wormal [
* | by S R — O e [ e (R — Dual 20 Lo 65 width
(? Ix front bud Uithout wing Single 20 to 75 X
% |Tested in Doth :
hube, nalso 2 in ea.|——————- 10=—mmmmm—— | Binzle 20 'to 70
Pusher < :u- 2 in each.hmb |em—mmeee L Dunl 20 to 70 Normel 5
C |3 in each Imb ———— do - Single { 20 %o 70 width
o do —— do - Imal 20 to 70
S 1Y% in eceh hud do Sizgle 20 o0 70
L€ |- do- —_ ado- D 30 %0 70 )
/@ I re~7r imb Wish uving iaglo 10 t5.65 ., ) 50 per— /
( 3 |-~—~=—=do - do - ¢ ——dlo—— 10 £o0 65 cent
’ _)-l-.-' ——— Go-— - do - ——do-- 10 to 65. © wider
Tractor j & 12 in each nubd —-— do Dual 10 to 6% and 6
: 6 |3 in each b YT Single 10 to 65 thicker
6 |-————do-- --do Dual 10 ¢ &5 then
3 {4 in each wmbd |- do Siufle 10 %o o5 aormal
Ls do-——~—- J| do Dual 10 o &0 ] -




Test set up. Six-blade single-rotating propeller with wing.
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at low blade angles. Four- at low blade angles.
blade single-rotating propeller in Four-blade dual-rotating propeller.
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Figure 9.- Propeller characteristics
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Figure 16.- Power-coefficient curves for two-blade proveller in front hub without wing.
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Figure 18.- Thrust-coefficient curves for two-blede propellers in rear hmb without wing.
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Figure 22.- Power-coefficient curves for three-blade oropeller in front hub with wing.
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Figure 23.- Effioienoy ourves for three-blade propeller in front hub with wing.
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